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Abstract
The concrete filled steel tube(CFST) column has got many advantages compared with the reinforced concrete member. Concrete
filled steel tube are frequently used for piers, deep foundation, caissons and columns etc because of their high compressive
strength and stiffness. Analytical Study of Hollow Steel Tube With concrete filled of different grades and without and with steel
stiffeners (one stiffener and two stiffener) under monotonic loading is presented in this Paper. The nonlinear behavior of the
columns is observed by using finite element software ABAQUS 6.10-1.the results from non linear finite element analyses is
obtained and is verified with experimental tests, Eurocode Part-4 and ACI-318(2005).It was found that the non linear finite
element simulations are in a good agreement with the codes of practice and experimental results. this study has carried out to
examine the influence of several parameters such as thickness of tube(3mm and 4mm) and stiffener configurations(i,e At 1/3 times
of height and 1/2 times of height), frequency , time period and also to find Ultimate load carrying capacity of hollow and
composite column on the compressive response under axial load. The hollow and composite columns are extensively developed by
considering different configuration of steel stiffeners. The main variables are: (1) number of stiffeners (2) arrangement stiffeners
(3) stiffener spacing (4) thickness of steel tube (5) compressive strength of concrete(20MPa, 25MPa, 30MPa) .Effects of above
variables mention on the behavior of columns is assessed. Failure modes and deformed shape of the columns is also illustrated.
From this study it is concluded that, the developed finite element model gives closer perfection and depicts the non linear
behavior well with 5-10% error. Also the non linear behavior is examine when only steel tube is loaded , only concrete is loaded
and when both is loaded and the combination of loading on both steel tube and infill concrete gave higher load carrying capacity.
The analytical results are well validated with previous researchers too.

Keywords: Hollow, Composite, Capacity, Monotonic loading, Nonlinear analysis, Abaqus, fundamental frequency,
time period, confinement

*k*k

1. INTRODUCTION increases the capacity greatly, and the composite columns,
which develop when the concrete hardens, are suitable for

In modern days, building design emphasizes on enhancing resisting additional live loading as well as dead loads.

flexibility of the floor space by reducing the cross section of
column size. Concrete filled steel tube are used for both
unbraced and braced building structures. A CFST column
consist of steel tube and concrete core inside it. The steel
tube act as a permanent form work hence labour cost, time
consumption is reduced. And it has got regular shapes such
as rectangle, square and circular.

These composite columns can be also used for the resisting
outside pressure, such as ocean waves, ice; in seismic
regions because of excellent earthquake-resistant properties
such as high strength, high ductility, and large energy
absorption capacity.

- The aim of this investigation is to employ the nonlinear
The steel shell acts as longitudinal and transverse finite element program ABAQUS 6.10-1{2] to perform

reinforcement. The steel shell also provides confining numerical simulations of CFT columns subjected to axial
pressure to the concrete, which puts the concrete under a compressive loads. To achieve this goal, proper material
triaxial state of stress. On the other hand, the steel tube is constitutive models for steel stiffener. steel tube. and

stiffened by the concrete core. This can prevent the inward concrete are proposed. Then the proposed material

buckling of the steel tube, and increase the stability and constitutive models are verified against experimental data
strength of the column. and codes of practice. Finally, the influence of the concrete
confining pressure, fundamental frequency and the
geometric properties of the columns on the uniaxial
behavior of CFT columns are studied and discussed.

The attraction for composite column is that the steel
skeleton can be erect first, and this can support the dead
loads and construction loads. Subsequent concreting
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2. FINITE ELEMENT MODELLING

Hollow steel tube column and Concrete filled steel tube
column with and without stiffener are accurately model in
finite element software ABAQUS and verified with
experimental results and codes of practice. The cross section
of columns with steel thickness 3mm and 4mm and length
or height of 300mm are shown in figure-1.

- J3MM—=

Figure-1: Cross section of Hollow and CFST columns (L=300mm)

2.1 Material Properties and Constitutive Models

Steel, concrete and contact between them are the main
materials used in the numerical analysis of the columns
which their properties and constitutive models are presented
below.

2.1.1 Material Model of Concrete

In order to understand concrete behavior in the finite
element model, a nonlinear stress-strain diagram for
confined concrete should be establish. The equivalent stress-
strain curve for confined and unconfined concrete under
compressive loading as shown in figure 3. Which is used in
proposed FE model. This approach is adopted by Ellobody
et al [4]

The properties of material shown in figure 2 are used to
define the nonlinear behavior of concrete under
confinement. Which is defined as follows
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Fig .2 Equivalent stress-strain curves for confined and
unconfined concrete

foie = T Rf

Eee = (1 + k:';—t]

Proposed by Mander et al [7]

Where f.. = Confined concrete compressive strength.
f. = Unconfined concrete cylinder compressive strength
= 0.8fy

f..= Unconfined concrete cube compressive strength = fy
2 ot

f, = Lateral confining pressure from steel tube =

Oy = Olfy

fy = Yield strength of steel

t = thickness of steel tube

D = outer dia steel tube

& = confined concrete strain

£. = Unconfined concrete strain = 0.002-0.003

&= 0.003, as recommended by the ACI specification [1]

the factor k; and k; are taken as 4.1 and 20.5 respectively,
given by Richart et al.[6]

The stress-strain curve is divided into three parts namely;
Elastic part(Linear), Elasto-Plastic part and Perfectly
plastic(non linear).

The first part is linear upto 0.5f, at which stress is
proportional to strain given by Hu et al.[10] the slope of the
linear part gives elastic young’s modulus of confined
concrete Eq.. According to ACI code [1] the value of E is
given by

E.c = 4700,/ MPa

The poisson’s ratio of Unconfined concrete is assumed to be
Mee= 0.2.

The second part is elasto-plastic which is nonlinear whose
origin starts from the end of first part that is 0.5 f.. and ends
at confined concrete strength f. as shown in figure 2. This
nonlinear part can be determined from the following
equation, proposed by Saenz [5]

E. &

f= Z E
1+@R+ R -2 (Z)-@r-D(Z) +2(5)

co o EI.'I.'

In the above equation R and Rg can be calculated as

L.
R = £
E fe
_Rg(R,-1) 1
- {RE _1:|: RE

In which R, and R, are equal to four as recommended by Hu
and Schnobrich [9]
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The third part is a perfectly plastic, which starts from
confined concrete strength f,. and ends at rks f, with
corresponding strain value 1lg,, as shown in figure 2,
proposed by Hu et al. [10]

1 21.7<2<40
k-:|= 2 !
~ | 0.00003301(2) -0.010085(2)+13 4023150
T Tt |

The approximate value of r is calculated from empirical
equation recommended by Ellobody et al.[4]

1 f. = 30MPa
(f. — 30)(0.5 + 1) 30 < £ < 100MP
00— 300 = e = RS

0.5 100MPa < f,

There are several nonlinear materials definition are provided
in ABAQUS 6.10-1 for study of nonlinear behavior of
concrete materials. In this paper concrete is modeled by
plastic available in the ABAQUS [2] material library. In
which nonlinear stress-strain values of confined concrete is
introduced calculated from the above equations.

2.1.2 Material Model of Steel

Steel tube is modeled as elastic-perfectly plastic with von
mises yield criterion. Due to steel tube is subjected to
multiple stresses and therefore the stress-strain curve crosses
elastic limit and reaches in plastic region. The nonlinear
behavior of steel tube is obtained from uniaxial tension test
and used in steel modeling. In this analysis poisson’s ratio,
density and young’s modulus are taken as p=0.3,
[=7860kg/m® and E:=210000MPa, respectively.

2.1.3 Material Model of Stiffener

The behavior of steel stiffener is simulated in finite element
analysis is same as steel tube. The stiffener is discretised by
using one dimensional element that is beam element —B31
whose element size is taken as 2.5. In this analysis Poisson’s
ratio, density and young’s modulus are taken as p=0.3,
[=7860kg/m® and E:=210000MPa, respectively.

Fig-2 Beam Element type-B31

2.1.4 Concrete-Steel Interface

The contact between steel tube and concrete play a vital role
in analysis. There are two ways to provide contact between
steel tube and concrete, one is providing friction by
considering suitable co efficient and another one is NODE
MERGE that is merging of inner periphery nodes of steel
tube with outer periphery of concrete core so that it provides
good contact between steel tube and concrete core. Here
NODE MERGE is applied.

2.2 Modeling and Meshing

The 3D hollow and concrete filled steel tube columns with
and without stiffener is created in Hypermesh-11.0 software
and then exported to ABAQUS. Because creating stiffener is
difficult in ABAQUS. The element library of finite element
software ABAQUS-6.10.1 is used to select different types of
elements. This library provides 1D element(Beam element,
Truss Element), 2D element (Shell element) and 3D
elements (solid elements).solid elements were found to be
more efficient in modeling of concrete and steel tube
because it gives better capturing of stiffness and mass. The
three dimensional incompatable eight noded solid
element(C3D8I) is used for meshing and is illustrated in
figure 3.

Fig-3 Descritisation of Column by using C3D8I

2.3 Load Application

A compressive load is uniformly distributed over the top
surface of column nodes as shown in figure 4. The load is
applied in Z-direction and is allow to move freely in Z-
direction but restrained in X and Y-direction.

Fig-4 Load applied on each node of top surface.

2.4 Boundary Conditions

Bottom end of the column is fixed in all directions that is
A=0, A=0, A,=0. Top surface of the column is restrained in
X and Y-direction (A,=0, A,=0) and allowing displacement
in Z-direction as shown in figure 5.
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Fig-5 Fixed at Bottom

2.5 Solution Procedure

First static analysis is performed and then procedure is
changed to linear buckling analysis, which gives Eigen
values. The first Eigen value is considered as Buckling load
factor or critical load for linear analysis. First Eigen value
because the column will break at first load and there are less
chance to go second critical load. But a material reaches to
nonlinearity action so therefore nonlinear analysis is
performed.

There are several nonlinear methods are available in
ABAQUS. A RIKS analysis is performed to understand
nonlinear behavior of stiffened and unstiffened columns.
RIKS analysis is based on Arc length and number of
increments which is again depends on geometry and features
of model. A nonlinear stress-strain values is introduced by
selecting plasticity option in ABAQUS. The first eigen
value is taken and is applied as load in Riks analysis by
dividing it by Number of nodes.

Now job is created and submitted to run the analysis. The
output gives a nonlinear graph which is plotted against Load
Prediction Factor(LPF) verses Arc length. The LPF value
corresponding to ultimate point is taken from the graph and
multiplied with first eigen value obtained from linear
buckling analysis which gives Ultimate load carrying
capacity(Py)

3. VERIFICATION OF FINITE ELEMENT
MODEL

3.1 Experimental Results

In order to check the accuracy of the finite element model,
the modeling results were compared with experimental tests
results which is carried out by using Universal Testing
Machine (UTM). The Ultimate loads obtained from finite
element analysis is Pge and that for experimental tests is
Pexpt. Table 1 shows comparision study of the Ultimate loads

of Hollow and CFST columns obtained Experimentally and
numerically using the finite element model. It was found
that the non linear finite element simulations are in a good
agreement with the experimental results.

4. ANALYTICAL STUDY
4.1 Eurocode 4

EC4[3] is the most recently completed international standard
code for composite construction. It covers CFST columns
with or without reinforcement. EC4 consider the
confinement effect for composite column when relative
slenderness ratio(A) has value less than 0.5. the ultimate
axial force for square column is given by

Pu=Af + A

Where; A. and A; are the Area of concrete and steel
respectively, and f;and fsare the yield strength of concrete
and steel respectively.

For circular columns, confinement effect has to be consider
if the relative slenderness ratio A is less than 0.5.

Where A is given by Ng

l.qg f, + 085A,f,
4 NE[‘

L=

_ (EsL + EcI)a’

ey — |.:
7, = 491851+ 1747 +1

fy = 0.25(3 + 24)
tf,
R =Adfm + Al (1 +"71.E]
c

4.2 American Concrete Institute: Building Code

Requirements For Structural Concrete

The American concrete institute ACI[1] use the formula to
calculate squash load. This code doesn’t consider the effect
of confinement. The squash load for circular column is
given by

P,=0.95Af; + A,

A modification for above equation is proposed by
Giakoumelis and Lam[11]. A co efficient is proposed for
above ACI equation to take into account the effect of
confinement on axial load capacity of CFST column and for
hollow first term is zero. A revised equation is given by

Pu=1.3A.f; + A,
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The capacities given by ACI code are too conservative

where as those calculated by using revised equation are
more realistic, especially for circular columns. M 30 Gra de
200
;Z_; 150
= W Pexpt (KN
Hollow Tube = Pt(KN)
150 § 100 - | PFE (KN)
‘g B Pexpt (KN) % 50 4 I PEC4 (KN)
= 100 - B PFE (KN) E [ PACI (KN)
8 | m PEC4 (KN) - 0
i 0 1 2
= [ PACI (KN)
£ o - Number of stiffeners
'S
2 0 1 2
Chart-4: Grade of concrete M30
Number of stiffeners
Table-1: Comparison between experiment, finite element,
EC4 and ACI with 3mm thickness
Chart-1: Hollow Tube Nunherof
Case ;ﬁﬁmm (mom){t (mm) | DVt | Pey (KN [Pe (KIN) | Pyt P Prc (KNP acr (BN[Prem (KN)
Nostiffner (33 3 (11 |645 536 10986 |[63.899 |70.685 [70.685
M20 Grade ,
Hollow |Onestiffener(3® |3 |11 8125 |79 1038 7634 8325 835
_ 200 p KN Tvostiffener (33 3 (11 (9345 [9025 (1035 (99012 95815 |05.81%
W Pexpt
E 150 p(KN) Nostiffner |33 (3 (11 (9554 [92.42 (L031 |10L787 |79.387 |825%4
T 100 - B PFE(KN) W20 Gradeanesifener |33 [3 (11 [10523 [10as6 L0l [111246 [oL9 [361%0
% FIPECA (KN) Trostifenee |3 [3 [11 |11436 134 [L008 (12044 1432 [10n7d
- 50 + .
Nostiffner (33 3 (11 (9780 (0435 [L037 103832 181363 |85571
£ FIPACI (KN) —
=] 0 - 28 Grade) One stiffener(33 )3 |11 [1075 106 1014 113368 |94128 98136
= 0 1 2 Tvostiffener|33 [} (11 J112 1156 10968 (123603 |106.69 [110.701
i 7 17 (837
Number of stiffeners Nostiffner |33 3 (11 [9836  [%6.9 1017 |105827 183730 88548
M30 GradelOne stiffener|33 |3 |11 1096 10795 [L015 |115310 |96.304 [l0L113
Chart-2: Grade of concrete M20 Tvostiffenee |33 [3 (11 |11 1§ 10991 |125.798 (10886 [113.67
Table-2: Comparison between experiment, finite element,
MZS Grade EC4 and ACI with 4mm thickness
Number of
Case sﬁ";'me:r: ()t om) Dt [Peg () [P ) [Pege PP (NP3 cr (RN[Pra (K
_ 150 - = Pexot (KN) Nostffewer 3 |4 (825|565 [m&4  [1os [sé [our [orim
< M ] W Pexp Holow [Onestiffener(33 |4 825 |10L36 (9823 (1033 (95272 (10367 [103.667
T 100 - - EPFE(KN) Trostiffener |33 [4 825 [1025 |11385 0867 |08 (11623 [11623
0 .
; B PECA (KN) w Nostiffener 13[4 825 [11526 (11236 (1023 124752 98563 [10nan2
= 50 + B l;ﬂde Onestiffener(33 |4 (825 |1265 |12 [L036 |134324 11113 [113877
= [ PACH(KN) Trostiflmer[33 |+ [825 |13 [1385  [0088 144423 1260 126482
= 0 - o [Nostfewer 133 |4 1625|1732 |15 JLO26 126452 10043 |103865
0 1 2 ;:;;e Onestiffener(3 |4 (825 |1283  |1245 |L020 |136116 (11299 |11643
. Trostiffener 33 [4  |825 (13332 (135 (0987 146248 (12556 [128.005
Number of stiffeners -
” Nostiffener (33 |4 825 (12022 1764 (L0201 (12801 (10229 [106417
0 |Omestiffener|33 4 (825 {12536 |12765 (0982 (137901 |11486 |118.82
Chart-3: Grade of concrete M25 Crale [———
Trostiffener (33 |4 825 [1425  [13812 (1031 (148072 (12742 131547
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5. COMPARATIVE STUDY

5.1 General

The ultimate load capacity of different hollow and CFST
columns based on their thickness were found by using codes
of practice (Eurcode 4 [3], ACI [1] and Giakoumelis and
lam [11]). The numerical and theoretical results obtained by
using above codes which denotes that with increase in
thickness, enhances the capacity which is due to increase in
confinement pressure.

5.2 Effect of Hollow and Concrete Filled column

The strength of hollow column is less than concrete filled
column. The hollow column fails due to inward buckling at
lower load. Where as in concrete filled steel tube, concrete
try to bulge and steel tube try to buckle therefore due this
opposite forces failure takes place after a long time results in
increasing the capacity of column.

5.3 Grade of Concrete

The stiffness of CFST column is depends on strength of
concrete. With increase in strength of concrete stiffness of
CFST column can be increased. Since concrete is a brittle
material, the concrete fails due to crushing. This brittleness
is increased with increase in grade of concrete. However this
concrete core is covered with steel tube which minimizes the
crushing of concrete.

5.4 Fundamental Frequencies

The fundamental frequency, often referred to simply as the
fundamental, and is defined as the lowest frequency of a
periodic waveform.

From the Table-3, Table-4, Table-5 and Table-6 it is clear
that Fundamental Frequency is decreases with increasing
number of stiffeners. This stiffeners act as a damping
medium due which Fundamental Frequency is lowered.
Also when strength of concrete increases the Fundamental
Frequency decreases very fast compare with number of
stiffeners, as shown in chart-5, chart-6, chart-7 and chart-8.

Hollow Steel Tube

78 No stiffhier
76

74

72 One stiffner

70 —Twostiffner—
68
66
64

Fundamental Frequency({cps)

F1 F2 F3

Chart-5: Fundamental Frequecy of Hollow Steel Tube

Table -3: Empty Fundamental Frequency

Empty
case

w{rps) flhz) | T(sec)

32, |235E+05 48450 77.164 0.0129

Without (3%, [1.83E+06[135106  |215.28 0.0046

stiffner 1,2, |4 00E+06(202131  [321.866  |0.0031
Fundamental frequency |77.164 0.0129

32, |1.99E+05 44629 71.065 0.014

Stiffner |25, |1.65E+06|128436  [204.516  [0.0048
@centre |31 |3 60F+06(102025 (305772 |0.0032

Fundamental frequency |71.065 0.014

32, |[1.90E+05 |435.54 69.354 0.0144
Stiffner @ |22 |2.08E+03|436.19 72642 0.0137
W3 12 |221E+05|460.70 74.308 0.0133
Fundamental frequency |69.354 0.0144

Table -4: M20 Grade Fundamental Frequency

M20 grade
Casze
ofps) | f(h) | T(seq)
2 [221E+05)469.78 748 0.0133
Without |3, |1.99E+06|14114 224 740 0.0044
stiffner |32, |407E+06|222044  |333 0.0028
Fundamental frequency |74.806 0.0133
2%, |[1.90E+05|436.13 69 447 0.0143
Stiffner |17, |1.61E+D6|12703 20227 0.004%
@centre 2%y |4.03E+06(2006.4 31949 0.0031
Fundamental frequency |69.42 0.0143
2% |1T4E+05|417.69 66.512 0.015
Stiffner @ |3, |1.93E+03 [441.14 70243 0.0142
W3 12 |235E+05|48459  [77.164  |0.0120
Fundamental frequency |66.512 0.015
M20 Grade
= 76 No stiffner
g74
=
o 72
=
o /0 Onestiffnet
[T
©
's' 68 Two stiffner
£ 66
(1]
e
564
62
F1 F2 F3

Chart-6:Fundamental Frequecy of M20 Grade
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Table -5: M25 Grade Fundamental Frequency

M25 grade
Case
wftps) flhz) | T(sec)
131 2.06EH)5 |433.08 1229 0.0138
Without ,'JLJJ 2.01E+)G | 1418.53 22588 0.0044
stiffner 113 5.03E+06 (2241.79 33697 0.0028
Fundamental frequency |(72.29 0.0138
;El 1.82E+05 |426.13 6723 0014
Stiffner ;LJJ 1.63E+06 1274 04 2065.m 0.0049
@centre |31, |100E+06(202126 (32183 0.0031
Fundamental frequency |67.85 0.0147
;._11 1.38E+03 (39723 6323 00138
Stiffner @ J._JJ 1.88E+03 [434.16 6013 0.0144
W3 12 |236E+05 48593 7738 0.0129
Fundamental frequency |(63.25 0.0158
Table -6: M30 Grade Fundamental Frequency
Case M30 grade
wftps) filhz) | T(sec)
111 1OTE+HDS 445 47 7061 0014
Without J._JJ 2.02E+H)6 | 1422.16 22643 0.004
stiffner 133 5.08E+06 (223201 33874 0.002
Fundamental frequency |70.61 0.014
111 1.66E+035 407 93 64 96 0.0133
Stiffner ;LJJ 1. 64E+06 (1270 80 2038 0.004
@centre J._J; 4 11E+)6 (2027 64 38 0.003
Fundamental frequency |64.96 0.015
131 1 48E+05 384 40 6122 0.016
Stiffner @[22, |1.82E+03 [427 67.99 0.014
W3 132 |238E+05 488 717 0.0128
Fundamental frequency |61.22 0.016
M25 Grade
74

72
70
68
66
64
62
60
58

Fundamental Frequecy(cps)

No stiffner

One stiffner

F1

F2 F3

Chart-7:Fundamental Frequecy of M25 Grade

M30 Grade

72 Ne-stiffner
70
68
66 —— —OnestiffRer—————
64

62 Tworstiffrer

60 —
58 —
56

Fundamental Frequecy({cps)

F1 F2 F3

Chart-8:Fundamental Frequecy of M30 Grade

5.5 Number of Stiffeners

The strength of hollow and concrete filled column is
enhanced by providing stiffeners. The capacity of column is
enhance by increasing number of stiffeners as shown in
graph 1. This is due to stiffeners increases stiffness capacity
and delay buckling action.

Stiffeners modeled in finite element software are as shown
in figure6, 7, 8 and 9.

Fig-6 Hollow Tube with One stiffener

Fig-7 Hollow Tube with One stiffener
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Fig-9 Hollow Tube with One stiffener

6. CONCLUSIONS

1. Increase in thickness of steel tube enhance the capacity
(P,) of both Hollow and composite column due to
confinement pressure increases with increase in thickness of
steel tube.

2. As concrete strength is increase, the stiffness of column
increases but column fails due to crushing of concrete which
shows brittle failure behavior when filled with high grade of
concrete.

3. Finite element model results are obtained from ABAQUS
6.10-1 and compare with Experimental results of hollow and
composite column with different grade, thickness and
number of stiffeners results in predicting the column
behavior.

4. The strength of column with stiffeners is higher than
without stiffeners.

5. As the number stiffeners increases, the Ultimate Capacity
of both hollow and composite column is increased.

6. The vibration of Hollow column is greater than concrete
filled column.

7. The Fundamental Frequency decreases with increase in
number of stiffeners.
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